Introduction
In [1] the real dynamical system (1.1)
x' = A(t)x+h(t,x) is studied, where A(t) = (a.. (t)), j,k=l,2, is a square matrix--function and x=(x lf x 2 ), h(t,x)=(h^(t,x),h 2 (t,x)) are vector--functions. There is presented a new method using a transformation of (1.1) to an equation with complex conjugate coordinates which is studied by means of a suitable Lyapunov like function.
In this paper asymptotic properties of the same system are studied replacing Lyapunov's method by the topological one of Wa2ewski. If the system (1.1) is linear, the results generalize those of Radzikowski [2] .
Let the real plane be converted into the complex plane C by assigning the complex number z=x 1 +ix 2 to the point t* to conjugate coordinates z=x 1+ ix 2 lf x 2 J. Using the matrix form of the transformation from real y=Bx, B = 1 i _1 -i the transformed system has the form Y=(z,z), From (1.2) we obtain (1.5) z' -a(t)z+b(t)z+g(t,z,z), (1.6) z' = a(t)z+E(t)z+g(t,z,z) and (1.7) g(t,z,¥) = h^t^iz+V^z-I)) + ih^t^z+zj^z-z)).
The equation (1.6) is redundant.
Conversely, putting a 13 =Re(a+b), a 12 =Im(b-a), a 21 =Im(a+b), a 22 =Re(a-b), h 1 (t,x 1 ,x 2 )=Re g(t,x 1 +ix 2 ,x 1~i x 2 ), h 2 (t,x lf x 2 )= =Im g(t,x 1 +ix 2 ,x 1 -ix 2 ), equation (1.5) can be written in the real form (1.1).
Equation z' =az+bz, a,beC, |b|>|lm a|
Investigate the equation is 4(|b| -Im a). The condition (2.2) |b|>|Im a| implies that the singular point of (1.5) is either a node if |b|<|a| or a saddle point if |b|>|a|; the latter condition implies (2.2) of course. In the latter case there exists one -parameter family of solutions of (1.5) which converge to the origin and two-parameter family of solutions of (1.5) which tend to infinity as t-*x>.
Now suppose (2.3) a*0, |b|>|a| and investigate the equation Re (aEz + aazz -n) =0, jzeR, U*0. It can be easily verified that this equation represents a pencil of homothetic hyperbolas whose centres are in origin.
The ratio of their semiaxes a, 0 is
15
• P The longer semiaxis is inclined to the real axis at an angle ^ = ¿arg(aE). Differentiating (2.4) and regarding z as the function of t, we obtain
This equation is fulfilled if and only if (2.5) z' = ia*(az+bz) where k is any real function of t. This is the differential equation of the pencil (2.4) and it is seen that the hyperbolas of this pencil intersect the trajectories of (1.5) at a constant angle ^=arg(ia); that means that the hyperbolas (2.4) form an isogonal family of curves.
If we suppose a=0, b*0 instead of (2.3), the equation (2.4) is to be replaced by (2.6) Re[i5z -U] = 0, lieR, u*0. This equation represents a pencil of homothetic rectangular hyperbolas. One of their axes is inclined to the real axis at an angle ^=iarg(ii>) . In this case these hyperbolas are trajectories of (1.5). w' = a*(t)w+b*(t)w+C(t)g(t,z,z)+D(t)g(t,z,z) where
Proof. The transformation Proof. The condition (3.8) implies that |c(t)|*|d(t)|. Re f(t,z,z) sgn Re w(t,z,z) * k (t)|Re w(t,z,z)| + (4.1) Clearly, S ntî° is not a retract of S , however S nil 0 is a fx e ji ye retract of Q® for any |y|<#(t 0 ). Since the assumptions of Wa2ewski's topological principle are satisfied, we have one--parameter family of solutions w^(t) of (3.10) such that (t,w u (t))en° for t*t Q . Particularly | s ^2>(t) for tst Q . Since |w|s||c|-|d|||z|, we have one-parameter family of solutions z^ of (1.5) such that Proof. Since the mapping w=cz+dz is regular for zeC and the inverse mapping is given by 5.5. Remark. Putting v=l (or i>=-l), <r(t)=Ct, where CeR, and assuming that there exist A,BeR, 0<A<B, such that | ail (t)|<A, |a 22 (t)|<A, va 12 (t)*B, va 21 (t)fcB, all assumptions of Theorem 5.4 are fulfilled with e(t)=A-B, ^(t)=B-A, r(t)=0. In this case Theorem 5.4 gives a generalization of results by J. Radzikowski [2] . Notice that the hypothesis H3 (or H3' ) in his paper can be omitted.
Putting C(t)=c(t), D(t)=d(t) in
+\ 1 (t)|lm w(t,z,z)|, Im f(t,z,z) sgn Im w(t,z,z) s \ (t)|Re w(t,z,z)| + (4.2) +K 2 (t)|Im w(t,z,z)| for teJ, zeC. Here (4.3) f(t,z,z) -c(t)g(t,z,i) + d(t)g(t,z,i), (4.4) / c(t) = i Im = /|b(t) | 2 -lm 2 a(t) + b(t), w(t,z,z) = c(t)z + d(t)z. (D) There exist continuous functions K 3 ,X 3 ,K 4 ,X 4 :J->IR such that Re[(l+i)f(t,z,z)] * K (t) Re[(1+i)w(t,z,z)] + (4.5) + X 3 (t) Im[(1+i)w(t,z,z)], Im[(1+i)f(t,z,z)] s X (t) Re[(l+i)w(t,z7z)] + (4.6) + < 4 (t) Im[(l+i)w(t,
